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Introduction {#jah32081-sec-0004}
============

Stent thrombosis is a potentially life‐threatening complication of stent therapy, even though overall rates of early and late drug‐eluting stent (DES) thrombosis have been halved from ≈3.0% to 1.5% with advances in stent design and pharmacotherapy.[1](#jah32081-bib-0001){ref-type="ref"}, [2](#jah32081-bib-0002){ref-type="ref"}, [3](#jah32081-bib-0003){ref-type="ref"} Given the lack of consistent clinical protocols for cessation of P2Y~12~ inhibitor therapy beyond 1 year after DES implantation,[4](#jah32081-bib-0004){ref-type="ref"}, [5](#jah32081-bib-0005){ref-type="ref"} it is important to determine the pathophysiology of DES thrombosis that occurs very late.

A retrospective study and 3 prospective multicenter registry studies using optical coherence tomography (OCT) showed that the morphological features of thrombosed DES include stent malapposition, uncovered DES struts, in‐stent neoatherosclerosis, and stent underexpansion.[6](#jah32081-bib-0006){ref-type="ref"}, [7](#jah32081-bib-0007){ref-type="ref"}, [8](#jah32081-bib-0008){ref-type="ref"}, [9](#jah32081-bib-0009){ref-type="ref"} Nevertheless, data on these OCT features remain insufficient, especially for patients with very late DES thrombosis. Using OCT, this study investigated the morphological characteristics of very late DES thrombosis and changes in causative OCT findings over time.

Methods {#jah32081-sec-0005}
=======

Study Design and Population {#jah32081-sec-0006}
---------------------------

Patients who presented with definite very late stent thrombosis (VLST), as defined by the Academic Research Consortium, were considered eligible.[10](#jah32081-bib-0010){ref-type="ref"} The timing of stent thrombosis was classified as acute (within 24 hours), subacute (1 day to 1 month), late (from 1 month to 1 year), and very late (\>1 year) after the index procedure. No patient included in the study experienced stent thrombosis \<12 months after stent placement. Stent thrombosis was confirmed by coronary angiography. All patients had the following criteria within a 24‐hour window: acute onset of ischemic symptoms at rest, with new ischemic electrocardiographic or echocardiographic changes suggesting acute ischemia; and typical rise and fall in cardiac biomarkers. Patients who were asymptomatic or had evidence of chronic myocardial ischemia were not eligible.

All patients from 10 South Korean hospitals who received an OCT examination for evaluation of VLST were retrospectively identified. Between November 2007 and March 2016, 124 patients presenting with VLST underwent preintervention OCT examination. Among these 124 patients, 18 were excluded for the following reasons: 13 for bare metal stents and 5 for poor‐quality OCT images. To avoid the possibility of iatrogenic damage to neointimal tissue, 8 patients who underwent balloon angioplasty before OCT evaluation were also excluded. Consequently, 98 patients treated with DES were analyzed, and all patients presented with a first episode of stent thrombosis. The study protocol was approved by the institutional review board of each institution, and written informed consent was obtained from all enrolled patients at the time of VLST treatment.

The selection of DES at the time of coronary intervention was at the discretion of the physician. Of the 98 DESs in this study, 57 were sirolimus‐eluting stents (Cypher; Cordis), 14 were paclitaxel‐eluting stents (Taxus; Boston Scientific), 15 were zotarolimus‐eluting stents (Endeavor Resolute; Medtronic), 7 were everolimus‐eluting stents (Xience \[Abbott Vascular\] or Promus \[Boston Scientific\]), and 5 were biolimus‐eluting stents (Nobori \[Terumo Corp\] or BioMatrix \[Biosensors Inc\]). A first‐generation DES was defined as a sirolimus‐ or paclitaxel‐eluting stent, whereas a next‐generation DES was defined as a zotarolimus‐, everolimus‐, or biolimus‐eluting stent. DES implantation was performed using conventional techniques, with all patients recommended to receive aspirin at a maintenance dose of 100 mg daily for an indefinite period and clopidogrel at a maintenance dose of 75 mg daily for at least 1 year.

At VLST onset, percutaneous coronary intervention was performed in all patients. A minimum dose of 100 mg aspirin and a loading dose of 300 mg clopidogrel, 180 mg ticagrelor, or 60 mg prasugrel were administered if patients were not on dual antiplatelet therapy. Unfractionated heparin was administered as an initial bolus of 100 IU/kg, with additional boluses administered during the procedure to achieve an activated clotting time \>250 seconds. The decision to administer a glycoprotein IIb/IIIa receptor antagonist or to perform thrombus aspiration was left to the operator. Stent implantation or balloon angioplasty was chosen as the final treatment of VLST by considering the patient\'s clinical condition.

OCT Examination and Analyses {#jah32081-sec-0007}
----------------------------

OCT images were acquired with a commercially available time‐domain M2 system or frequency‐domain C7 system from LightLab/St. Jude. Detailed OCT procedures were performed as previously described.[11](#jah32081-bib-0011){ref-type="ref"} All OCT images were digitally stored and analyzed using certified offline software (QIvus; Medis Medical Imaging System) at an independent core laboratory (Cardiovascular Research Center, Seoul, Korea) by 2 independent analysts who were blinded to clinical and angiographic characteristics.

OCT images were measured at 1‐mm intervals for quantitative analysis. Stent and lumen outlines were drawn to measure cross‐sectional area. For thrombus with low attenuation, visible lumen contours were drawn behind the thrombus. For thrombus with high attenuation, lumen contours were extrapolated behind the thrombus when the lumen contour was visible in ≥3 quadrants. Stent cross‐sectional area was measured by joining the middle points of the endoluminal signal‐rich strut surface of the stent. For stents covered by thrombus with high signal attenuation, stent cross‐sectional area was delineated only if at least 1 strut was clearly visible in every quadrant.[7](#jah32081-bib-0007){ref-type="ref"} A *malapposed* strut was defined as a strut that was detached from the vessel wall, as described previously,[12](#jah32081-bib-0012){ref-type="ref"} and an uncovered strut was defined as having a neointimal thickness of 0 μm.[13](#jah32081-bib-0013){ref-type="ref"} If the contour of the vascular wall or neointimal layer above the strut could not be detected because of attenuating thrombus, malapposition or coverage of the corresponding strut was not assessed. The region of interest was a thrombotic site with intracoronary thrombus on consecutive cross‐sections and included the site of the minimum lumen cross‐sectional area. For qualitative analysis, following OCT findings were analyzed within thrombotic segments. Neointimal rupture was a full‐thickness break of the fibrous cap with underlying lipid, and neointimal erosion was a partial‐thickness break of the endoluminal neointimal surface.[14](#jah32081-bib-0014){ref-type="ref"}, [15](#jah32081-bib-0015){ref-type="ref"}, [16](#jah32081-bib-0016){ref-type="ref"} Neoatherosclerosis was defined as lesions with lipid‐laden neointima, neointima with calcification, thin‐cap fibroatheroma‐like neointima, or neointimal rupture.[11](#jah32081-bib-0011){ref-type="ref"}, [14](#jah32081-bib-0014){ref-type="ref"} Stent underexpansion was defined as a minimum stent cross‐sectional area \<5.0 mm^2^.[14](#jah32081-bib-0014){ref-type="ref"}, [17](#jah32081-bib-0017){ref-type="ref"}, [18](#jah32081-bib-0018){ref-type="ref"}, [19](#jah32081-bib-0019){ref-type="ref"} Coronary evagination was defined as the presence of an outward‐bulged lumen contour between apposed struts with a maximum bulge depth exceeding strut thickness.[20](#jah32081-bib-0020){ref-type="ref"} Inter‐ and intraobserver agreement for various OCT findings in this core laboratory were reported previously.[21](#jah32081-bib-0021){ref-type="ref"}, [22](#jah32081-bib-0022){ref-type="ref"} For observed OCT findings, the leading mechanism of VLST was determined by consensus.

Statistical Analyses {#jah32081-sec-0008}
--------------------

Statistical analyses were performed using SPSS (version 23; IBM Corp). Data were expressed as number (percentage), mean±SD, or median (interquartile range). Normality of continuous variable distributions was assessed by the Kolmogorov--Smirnov test. Categorical variables were compared using the χ^2^ or Fisher exact test, and continuous variables were analyzed with the Student *t* test or Mann--Whitney *U* test.[7](#jah32081-bib-0007){ref-type="ref"} All reported *P* values were 2‐sided, and *P*\<0.05 was considered statistically significant.

Results {#jah32081-sec-0009}
=======

Mechanisms Causing Very Late DES Thrombosis {#jah32081-sec-0010}
-------------------------------------------

The frequency of causative OCT findings for VLST is shown in Figure [1](#jah32081-fig-0001){ref-type="fig"}. Representative images of OCT findings are shown in Figure [2](#jah32081-fig-0002){ref-type="fig"}. The mechanisms derived from OCT findings were as follows, in descending order: neoatherosclerosis (34.7%), stent malapposition (33.7%), uncovered struts without stent malapposition or evagination (24.5%), erosive neointima without neoatherosclerosis (4.1%), and evagination (3.1%). Stent underexpansion (18 of 98, 18.4%) was concurrently observed in patients with stent malapposition (n=4), uncovered stents (n=3), and neoatherosclerosis (n=11).

![Mechanisms of very late drug‐eluting stent thrombosis.](JAH3-6-e005386-g001){#jah32081-fig-0001}

![Representative images of very late drug‐eluting stent thrombosis, evaluated by optical coherence tomography (OCT). Arrows denote intracoronary thrombus and arrowheads indicate OCT findings: stent malapposition (A), uncovered struts without stent malapposition or evagination (B), coronary evagination (C), ruptured neoatherosclerosis (D), and erosive neointima without neoatherosclerosis (E).](JAH3-6-e005386-g002){#jah32081-fig-0002}

Earlier Versus Delayed Very Late DES Thrombosis {#jah32081-sec-0011}
-----------------------------------------------

The median time interval between DES implantation and VLST onset (ie, stent age) was 55.1 months (interquartile range 34.4--74.0 months). The annual frequency of patients with VLST is presented in Figure [S1](#jah32081-sup-0001){ref-type="supplementary-material"}. Based on the median onset time of VLST, patients were divided into 2 groups of earlier versus delayed onset of VLST. Clinical characteristics are shown in Table [1](#jah32081-tbl-0001){ref-type="table-wrap"}. Fewer patients with delayed VLST took both aspirin and clopidogrel compared with those with earlier VLST (12.2% versus 30.6%, *P*=0.027). However, the frequency of VLST mechanisms did not depend on whether both aspirin and clopidogrel were administered (Table [S1](#jah32081-sup-0001){ref-type="supplementary-material"}). Lesional characteristics are presented in Table [2](#jah32081-tbl-0002){ref-type="table-wrap"}. Types of thrombosed DES differed, with more first‐generation DESs in patients with delayed VLST. Detailed OCT findings are shown in Table [3](#jah32081-tbl-0003){ref-type="table-wrap"}. At sites with thrombosis, the frequency of stent malapposition did not differ between the earlier and delayed VLST groups. However, the frequency of uncovered struts without stent malapposition or evagination was lower in patients with delayed VLST (14.3% versus 34.7% in earlier VLST, *P*=0.019). In contrast to results for uncovered struts, neoatherosclerosis was more frequently observed in patients with delayed VLST (44.9% versus 24.5% in earlier VLST, *P*=0.034). The cumulative incidence of these OCT features relative to VLST onset time is shown in Figure [3](#jah32081-fig-0003){ref-type="fig"}. Uncovered struts were common in patients with earlier phase VLST (*P*=0.002), whereas neoatherosclerosis was common in patients with delayed‐phase VLST (*P*=0.031). Stent malapposition or evagination occurred in one‐third of VLST cases in both groups. The frequency of stent malapposition, evagination, and uncovered struts was still half of delayed VLST. For patients with earlier VLST, the frequency of VLST mechanisms was not different between those treated with first‐ and next‐generation DESs (*P*=0.733) (Figure [4](#jah32081-fig-0004){ref-type="fig"}). Patients with VLST were successfully treated with balloon angioplasty (n=60) and another DES implantation (n=38) during hospitalization.

###### 

Clinical Characteristics

                                          Onset of Very Late Stent Thrombosis   *P* Value                                     
  --------------------------------------- ------------------------------------- ---------------------- ---------------------- -------
  Age, y                                  60.8±12.3                             59.8±12.4              61.7±12.2              0.448
  Men                                     84 (85.7)                             40 (81.6)              44 (89.8)              0.248
  Treated hypertension                    58 (59.2)                             27 (55.1)              31 (63.3)              0.411
  Treated diabetes mellitus               30 (30.6)                             16 (32.7)              14 (28.6)              0.661
  Current smoking                         30 (30.6)                             12 (24.5)              18 (36.7)              0.188
  Total cholesterol, mg/dL                152.0 (126.0--183.0)                  143.5 (123.0--186.3)   155.0 (140.0--181.5)   0.262
  HDL cholesterol, mg/dL                  41.7 (35.0--48.0)                     44.0 (36.8--51.1)      40.0 (34.0--47.4)      0.128
  LDL cholesterol, mg/dL                  86.0 (66.4--107.5)                    79.5 (60.8--121.3)     87.5 (72.3--106.8)     0.249
  Left ventricular ejection fraction, %   51.7±10.3                             53.2±10.7              50.4±9.8               0.185
  Clinical diagnosis                                                                                                          0.225
  Non--STEMI                              48 (49.0)                             27 (55.1)              21 (42.9)              
  STEMI                                   50 (51.0)                             22 (44.9)              28 (57.1)              
  Medications                                                                                                                 
  Aspirin                                 83 (84.7)                             41 (83.7)              42 (85.7)              0.779
  Clopidogrel                             23 (23.5)                             15 (30.6)              8 (16.3)               0.095
  Both aspirin and clopidogrel            21 (21.4)                             15 (30.6)              6 (12.2)               0.027
  Statin                                  70 (71.4)                             35 (71.4)              35 (71.4)              1.000

Data are presented as number (percentage), mean±SD, or median (interquartile range). HDL indicates high‐density lipoprotein; LDL, low‐density lipoprotein; STEMI, ST‐segment elevation myocardial infarction.

###### 

Lesional Characteristics

                                  Onset of Very Late Stent Thrombosis   *P* Value                               
  ------------------------------- ------------------------------------- ------------------- ------------------- ---------
  Reasons for previous stenting                                                                                 0.209
  Stable angina                   23 (23.5)                             8 (16.3)            15 (30.6)           
  Unstable angina                 26 (26.5)                             13 (26.5)           13 (26.5)           
  Acute myocardial infarction     49 (50.0)                             28 (57.1)           21 (42.9)           
  Lesion location                                                                                               0.909
  Left anterior descending        60 (61.2)                             31 (63.3)           29 (59.2)           
  Left circumflex                 9 (9.2)                               4 (8.2)             5 (10.2)            
  Right                           29 (29.6)                             14 (28.6)           15 (30.6)           
  Drug‐eluting stents                                                                                           \<0.001
  First‐generation                71 (72.4)                             26 (53.1)           45 (91.8)           
  Sirolimus                       57                                    21                  36                  
  Paclitaxel                      14                                    5                   9                   
  Next‐generation                 27 (27.6)                             23 (46.9)           4 (8.2)             
  Zotarolimus                     12                                    9                   3                   
  Everolimus                      10                                    9                   1                   
  Biolimus                        5                                     5                   0                   
  Stent age, months               55.1 (34.4, 74.0)                     35.2 (22.9, 41.3)   73.7 (62.3, 84.2)   \<0.001
  Stent diameter, mm              3.3 (3.0, 3.5)                        3.3 (3.0, 3.5)      3.2 (3.0, 3.5)      0.890
  Stent length, mm                28.0 (23.0, 33.0)                     31.5 (18.5, 35.8)   28.0 (23.0, 33.0)   0.671
  Overlapped stents               21 (21.4)                             11 (22.4)           10 (20.4)           0.806
  Bifurcation lesions             3 (3.1)                               2 (4.1)             1 (2.0)             1.000
  TIMI flow                                                                                                     0.384
  Grade 0                         72 (73.5)                             34 (69.4)           38 (77.6)           
  Grade 1                         4 (4.1)                               2 (4.1)             2 (4.1)             
  Grade 2                         6 (6.1)                               2 (4.1)             4 (8.2)             
  Grade 3                         16 (16.3)                             11 (22.4)           5 (10.2)            

Data are presented as number (percentage) or median (interquartile range). TIMI indicates thrombolysis in myocardial infarction.

###### 

Optical Coherence Tomographic Findings

                                                                                     Onset of VLST           *P* Value                                       
  ---------------------------------------------------------------------------------- ----------------------- ----------------------- ----------------------- -------
  Full stent length                                                                                                                                          
  Analyzed frames                                                                    26.0 (20.0--32.3)       26.0 (20.5--33.0)       26.0 (20.0--32.0)       0.939
  Analyzed struts                                                                    172.5 (126.5--241.3)    183.0 (142.0--246.0)    163.0 (110.5--221.5)    0.309
  Stent CSA, mm^2^                                                                   7.5 (6.0--8.4)          6.9 (5.5--8.2)          7.8 (6.2--8.5)          0.073
  Lumen CSA, mm^2^                                                                   4.1 (3.0--5.3)          4.4 (3.3--5.8)          4.0 (2.7--4.9)          0.124
  Malapposed struts (%)                                                              1.2 (0--5.0)            1.3 (0--5.2)            1.2 (0--4.9)            0.692
  Uncovered struts (%)                                                               5.0 (0.9--5.2)          5.0 (2.8--9.9)          2.6 (0--5.1)            0.033
  Thrombosed regions                                                                                                                                         
  Analyzed frames                                                                    4.0 (3.0--6.0)          3.0 (2.3--5.8)          4.0 (3.0--6.0)          0.484
  Analyzed struts                                                                    17.0 (11.0--32.3)       18.0 (11.0--34.8)       17.0 (11.0--32.0)       0.588
  Stent CSA, mm^2^                                                                   7.6 (6.1--8.6)          7.2 (6.0--8.4)          7.8 (6.1--8.8)          0.222
  Lumen CSA, mm^2^                                                                   2.5 (1.4--5.4)          2.1 (1.4--5.4)          2.5 (1.5--5.4)          0.736
  Minimum stent CSA, mm^2^                                                           7.1 (5.5--8.1)          6.5 (5.1--7.7)          7.4 (5.7--8.2)          0.147
  Stent underexpansion                                                               18 (18.4)               11 (22.4)               7 (14.3)                0.297
  Minimum lumen CSA, mm^2^                                                           1.5 (0.9--3.8)          1.4 (0.9--4.4)          1.7 (0.8--3.6)          0.949
  Malapposed struts (%)                                                              25.0 (15.0--37.3)       28.0 (14.5--37.3)       20.1 (14.9--38.4)       0.957
  Maximal distance of malapposed struts, μm[a](#jah32081-note-0006){ref-type="fn"}   710.0 (465.0--1175.0)   890.0 (555.0--1200.0)   520.0 (410.0--1055.0)   0.191
  Uncovered struts (%)                                                               14.6 (0--35.0)          33.3 (0--35.1)          0 (0--35.4)             0.057
  Primary cause of VLST                                                                                                                                      
  Stent malapposition                                                                33 (33.7)               17 (34.7)               16 (32.7)               0.831
  Evagination                                                                        3 (3.1)                 0 (0)                   3 (6.1)                 0.242
  Uncovered struts without stent malapposition or evagination                        24 (24.5)               17 (34.7)               7 (14.3)                0.019
  Neoatherosclerosis                                                                 34 (34.7)               12 (24.5)               22 (44.9)               0.034
  Neointimal erosion without neoatherosclerosis                                      4 (4.1)                 3 (6.1)                 1 (2.0)                 0.617

Data are presented as number (percentage) or median (interquartile range). CSA indicates cross‐sectional area; VLST, very late stent thrombosis.

Compared within patients having malapposed struts.

![Time‐dependent changes in optical coherence tomographic mechanisms causing very late stent thrombosis (VLST). Uncovered struts without stent malapposition or evagination common in early phase VLST, whereas neoatherosclerosis was frequently observed over time. The incidence of stent malapposition or evagination remained constant.](JAH3-6-e005386-g003){#jah32081-fig-0003}

![Comparisons between first‐ and next‐generation drug‐eluting stents in patients with early phase of very late stent thrombosis. Optical coherence tomographic mechanisms did not differ between types of drug‐eluting stents (*P*=0.733).](JAH3-6-e005386-g004){#jah32081-fig-0004}

Discussion {#jah32081-sec-0012}
==========

This OCT study had several main findings. First, neoatherosclerosis, stent malapposition, and uncovered struts without stent malapposition or evagination were the main morphological mechanisms for very late DES thrombosis. Second, the frequency of these mechanisms differed depending on VLST onset time, with uncovered struts having earlier onset and neoatherosclerosis having later onset. Third, malapposition was consistently observed regardless of VLST onset time and accounted for about one‐third of cases. Fourth, the mechanisms for VLST did not differ between first‐ and next‐generation DESs with similar implant duration.

Taniwaki et al reported that the mechanisms for VLST in 58 patients receiving DES (20 next‐ and 38 first‐generation) were malapposition (34.5%), neoatherosclerosis (27.6%), uncovered struts (12.1%), and stent underexpansion (6.9%).[8](#jah32081-bib-0008){ref-type="ref"} Three other OCT studies also investigated the mechanisms of stent thrombosis but also included bare metal stent thrombosis or late DES thrombosis that might act as confounders.[6](#jah32081-bib-0006){ref-type="ref"}, [7](#jah32081-bib-0007){ref-type="ref"}, [9](#jah32081-bib-0009){ref-type="ref"} These studies were not performed exclusively with patients with very late DES thrombosis. The results of our study differed slightly from those of Taniwaki et al[8](#jah32081-bib-0008){ref-type="ref"} in the types and frequencies of VLST mechanisms. Different clinical and procedural settings at the time of the index procedure and medical therapy during follow‐up may be associated with this discrepancy. It also matters when OCT images were acquired (median 4.0 days after deocclusion in 69% of the PESTO registry)[7](#jah32081-bib-0007){ref-type="ref"} or whether traumatic interventions that confound interpretation of the acquired OCT images were performed before OCT evaluation (balloon dilatation in 25.9% of patients in the study by Taniwaki et al[8](#jah32081-bib-0008){ref-type="ref"}). However, OCT examinations in our study were performed at the time of VLST onset, and patients who underwent balloon angioplasty before OCT evaluation were excluded.

Of note, this study identified that uncovered struts and neoatherosclerosis had different contributions to VLST occurrence. According to previous intravascular imaging studies, the neointima of DESs proliferates continuously.[13](#jah32081-bib-0013){ref-type="ref"}, [23](#jah32081-bib-0023){ref-type="ref"} With progressive growth of neointimal tissue, a serial OCT study showed that the percentage of uncovered struts in patients receiving DES decreased from 4.4% to 2.3% between 9 months and 2 years of follow‐up.[13](#jah32081-bib-0013){ref-type="ref"} In contrast to uncovered struts, the incidence of thin‐cap neoatheroma increased from 3.9% to 13.2%.[13](#jah32081-bib-0013){ref-type="ref"} These time‐dependent changes in neointimal tissue were also observed in patients with very late DES thrombosis. The consistent contribution of stent malapposition to VLST occurrences in this study was similar to observations in a previous study.[7](#jah32081-bib-0007){ref-type="ref"} According to the national French PESTO registry, the frequency of stent malapposition was 30% to 60% and did not differ among acute, subacute, and late stent thrombosis and VLST.[7](#jah32081-bib-0007){ref-type="ref"} Our study extended this observation to delayed‐phase VLST with a median stent age of 73.7 months. When all our findings are considered, the mechanisms related to delayed neointimal healing (stent malapposition, evagination, and uncovered struts) still represented half of VLST occurrences \>4.5 years (55‐month median time of VLST onset) after DES implantation.[24](#jah32081-bib-0024){ref-type="ref"}

Compared with first‐generation DESs, next‐generation DESs have better strut coverage and apposition on follow‐up[21](#jah32081-bib-0021){ref-type="ref"}, [25](#jah32081-bib-0025){ref-type="ref"} and are widely used.[26](#jah32081-bib-0026){ref-type="ref"} This improvement may be related to thinner struts and upgraded polymers of next‐generation DESs. We showed, however, that the underlying mechanisms did not differ in patients with earlier VLST between first‐ and next‐generation DESs, consistent with a previous study.[8](#jah32081-bib-0008){ref-type="ref"} Based on these results, we assumed that even novel stents shared common DES characteristics that influence the pathological mechanisms of VLST. Nevertheless, this assumption is confined to VLST occurring within 4.5 years of stent implantation, and larger studies are required to generalize the present observation.

This study had several limitations. First, our results may be biased by patient selection and may not reflect true VLST. We assumed that not all patients who presented with VLST underwent OCT imaging. Second, comparisons between first‐ and next‐generation DESs in patients with delayed VLST could not be performed because of the small number of patients treated with next‐generation DESs. Therefore, interpretation between DES types should be limited to patients with earlier VLST. Third, intravascular ultrasound assessment as a complementary device was not available,[27](#jah32081-bib-0027){ref-type="ref"} thus other causative features such as positive vessel remodeling cannot be evaluated. The study patients were arbitrarily divided into 2 groups based on median VLST onset time. The optical attenuation by thrombus may be a potential source of bias. Finally, although it would be important to interpret the present findings from an overall cohort perspective including early and late stent thrombosis, it was beyond our observations.

In conclusion, the common mechanisms of very late DES thrombosis identified by OCT were neoatherosclerosis, stent malapposition, and uncovered struts without stent malapposition or evagination. Although uncovered struts were associated with early phase VLST, neoatherosclerosis was related to late‐phase VLST. In contrast to these findings, stent malapposition consistently remained a significant correlate of VLST over time.
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**Table S1.** Frequency of Mechanisms of Very Late Drug‐Eluting Stent Thrombosis Grouped by Usage of Dual Antiplatelet Therapy

**Figure S1.** The annual frequency of patients with very late drug‐eluting stent thrombosis.

###### 

Click here for additional data file.
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